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At the present time in addition to hot-setting eroxy resins cold-setting resins
are also acauiring grent im»ortance. As a rule, aliohatic amines - nexsmeth; ;lene-

diamine, polyethylenevolyamine etc - are used as curines arents for these resins.

The compounds obtained in this case, however, are very viscous, have low imrreg-
nating capacity and are not tecrnologically satisfactorv in service. Their settineg
involves the use of toxic curines agents, ana the cured ccmrounds do not frave very
high vhysico-cherical or rechanical indices (Hefs 1 - 3),

Epoxy-rolyester resins into which anhydrides of dicarbonic acids have heen intro-

duced may also be used as cold-setting comovcunds, though hish indices ir these

corvounds are achieved by high-temuverature rrocessing (<ef &),

Ci considerable interest are cold-settinz acrvlate-epoxv-styrene compounds {.ef 5)
which have satisfactory technologicel chnaracteristics in service and do not %
require toxic curing agents. As these compounds are used to produce filled voly-
mers it is worth examining the behaviour of the ocoundary layers of acrylate-

epoxy-styrene comoounds on different solid surfaces devending on the nature of

the initial components. 4
In the present investigation we studied the molecular mobility of the polymer

chains of various acrylate-ecvoxy-styrene com:ounds dependings on the nature of

the initial corvonents, and also elucidated the nature of changes of molecular ﬁ
mobility in the boundary layers on surfaces of silica flour and glass fibre to !
assess their effect on the vroverties of filled raterials. As the cured corpounds
under investigation contained different amounts of low-molecular impurities
(water, unreacted initial monomers) depending on the acrylate comronent, we
elucidated the effect of low-molecular imvurities on the course of the relaxation
processes in the surface layers on different types of surfaces.

Specimens and Method of Measurement

be studied the dielectric and spin-lattice relaxation of cold-setting acrylate-
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epoxy-styrene compounds in bulk and in the surface layers on surfaces of silica
flour and glass fabric. Cne of the features of this com.ound is tnat the curing t

agent erployed is a corolymer of methacrylic (acrylic) acid, styrene and methyl-

S R

rethacrylate (methylacrylate, butylacrylate) obtained in the presence of a redox
system of benzoyl veroxide and dimethylaniline. The covolymer is formed in the
reaction mixture containine all the initial comoronents in the first stage (. efs
5, 6), and this is followed by the reaction in wrich a cross-linked'polirer is

formed by ovrening of the epoxy groups. ‘ne corolvmer contains sufficient carboxyl

groups to cure the evoxy resin, this reaction being catalysed by the dimethyl-
eniline and promoted by the exothermic reaction of copolymer formation.

The following compounds were investigated:

1. nesin ED-6 : styrene : methylmethacrylate : methacrylic acid = 4:3:2:1

2. Hesin :D-b : styrene : butylacrvlate : acrylic acid = 4:5:2:C.8

3. KHesin £D-06 : styrene : methylacrylate : acrylic acid = 4:3:2:C.4,

All the initial monomers were subjected to distillation an” cnecked for n_ on a

D

refractometer. The reinforcing glass fabric was degreased witn toluene. The

silica flour and glass fabric were heated in a muffle furnace at 400°C for C.5 h,
after which they were vacuum~dried at 110°C for 6 h. To nrevent the fillers from

absorbing moisture from the environment, they were kept after vacuum drying in

a vacuum in a vacuum-drying cabinet until they were fully cooled, and filling

of the specimens was carried out in this. The dry fillers were coated with freshly
prepared reaction mixture which has a very low viscosity, as th: styreue and F
methylmethacrylate (methylacrylate, butylacrylate) were at the same fiﬁe both

initial monomers of the comoounds vroduced and reactive solvents. After cereful

mixing of the silica flour (particle size 20 - 40 pm) and the reaction mixture,
and impregnation of the glass fabric with the reaction mixture, setting was
carried out in condenser cells made of stainless steel. The specimens for NMR
reasurements were cured in closed ampoules. ¥ilms were poured on a lavsan i
(terylene) substrate. %ith all these specimens of acrylate-epoxy-styrene comoounds

the cross-linking reaction was carried out i an air-free environment. Measure-

ments were carried out in a vacuum. The ratios of the comnonents for comround:silica
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flour and xlass fatric:compound were 1:1.9 and 1:1 resrectively. ine filled and
unfilled specimens of each compound were prepared with the same reaction mixture.
lhe spin-lattice relaxation times were measured by the Carr--urcell :zero metnod
using a nulse snectrometer o:erating on a frequency o: 14.5 MHz. e used an MR
spectrometer t/pe ~fa 2301 modified for wulse met:od overation. Jielectric
reasureaments vwere made with a Tx-9701 instrument using an ¥-%30C zero indicator and

a VM-344 generator in the terrerature interval -150 to +13¢°C.

results and Discussion

l. melaxation frocesses in ~ulk

As may be seen from the terperature dependences of tan { (i~ 1) three relsxation
processes are characteristic of the comrounds examined in bulk: & rrocess due to
cthhain segment mobility in the region of 66 - 9000; a dipole-grcu: nvrocess at -140
tc 145°C; and a rnrocess at -9 2 40°C due to the robility of units (varts cf chains
and their branches) sraller than segments and larger thar the kinetic units cro-
ducing the dioole-rroun rrocess.

(onsideration of the hish-terpersture relaxation preccess shows that substitution
of the acrylic comnonents in the systems leads to noticeable changes in rolecular
mobility and in the absolute value of tan Y ot th» maximum. The lowest molecular
robility is found in the system containing rethylacrylate aniy acrylic acid (Fig 1,
curve 2). sren butylacrylate is used instead of methylacrylate the mobility of

the chain seements of the comround increases, with a shift of the maximur of tan 8
to higrer temperatures amounting to 11°. ror comrounds based on methylmethacrylate
and methacrylic acid sepmental mobility is somewhat greater (Fig 1, curve 1), and
as the amount of dimethylaniline is reduced tne tan 8 maximur: shifts to lower

temperatures (curves L, 1), which may be accounted for by a lower degree of cross

-linking in the system. Fig 1 shows that compounds basea on tutylacrylate and

rethylacrylate have values of tan 8 at the maximum greater by one order (curves

3, 2). Snecial attention should be dravn to the fact that,for the csld-settins
acrylate-eroxy-styrene compounds we studied, the high-temperature relaxation

process ie very distinct and is associated with » hign amolitude of the tan }

maximum. This is not observed in cross-linked systems baseu on enoxy resins and
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polyethylenepolyamine. The occurrence of clearly marked raxima of high value is
exnlained by the fact that the process of relaxation of the segments is mainly
due to the existence of varts of chains of the styrene/acrylate/acrylic acid
corolymer cross~linked in a svatial structure ty chains of epoxy resin., This can

1 be meen from a fragment of the compound
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The results of studies of tre molecular mobility of acrylate-eroxy-styrene com-

vounds using dielectric measurements are corroboraied by results obtained from

spin-lattice relexation times T, \(rig 2, 8,

1
II. Molecular Mobility of Macrochains in the Surface Layers.

Studies of the molecular mobility in the surface layers of acrylate-evoxy-stvrene
cold-setting compounds showed that changes in relaxation vrocesses in the boundary
layers are independent of tiae nature of the surface (Refs 7 - 9). turthermore,

the findings described below also show that there is rigidification of the oolymer
chains due to adsorptive intersction and reduction of the conformation set of
polymer chains at the surface, and also that the vregence of low-molecular imouri-
ties has a significant effect on changes in the vproverties of the polymer in the
surface layer.

Fig 3, a shows that on the surface of the glass fabric and the silica flour there
is a shift of the relaxation process of the chain segments of the compound con-
taining methylmethacrylate and metheerylic acid to higher temperatures, amounting
to 18° at the surface of silica flour, and 9° at the aurface of the glass fabriec. E
e account for the significantly smaller shifta on the surface of the glass fabric
filler by the fact that the vercentage of pslass fabric used as a filler is signifi-

cantly lower than that of silica flour (the glass fabriec : compound reatio was 1l:1,

whereas the eilica flour : compound ratio was 1.5:1), i.e. the thickness of the
surface layer of the volymer on the glass fabric is greater than it is on the
silica flour. In other words, the total surface of interaction between silica flour

and polymer is greater than tne total contact surface between glass fabdbric and

L1 S, <-4 P AP

polymer.

A primeipel factor affectimg the reduction of the temperature shifts of the tan §
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maximum in the surface layer at the surface of the pglass tivre filler in this
case is the fact that in the surface layer on the surfac: of th: silica flour

the amount of low-molecular imrurities is about »." times lower than in the
surface layer on the glass fstric surface. The :mount of low-molecular irpurities
irn the acdrylat--eroxy-styrene ccnrounds in bulk and in the surtace layers was
determined by weighineg after vacuur treatment for 1C hours at rocr terrerature
and for 9 hours at 68°C (vacuum of 2'1U-2).
For the same system based on metnylmethacrylate arJ methacrvlic r~cid the dino]e;
group vrocess shifts to lower temperatures hy 28° on the silica flour surface,

and by 24° on the surface of the glass tabric filler. . e associate the =znift of
this proces= to lower terreratures with increasel looseness of packing in the
surface layer in accordance with wefs 7 - 1C. Witn increase of the low-rolecuiar
impurit}e;_in the snecimens (unreacted initisl ronomer:s, water etc), wrich was
observed in tnhe ccmoound based on butylacrylate and acrvlic acid {(iic 3, b), the
shift of the tan 8 maximum to nigher temnerature: wac considerapnlv sma.ler (80),
and on the surface of the rlass fabric filler it was seen tc ne split-uw with - .
relatively symmetrical neaks shifted in ovrosite directions ecqual distances atout
the tan § maximum in bulk.

In the comvound based on methvlacrylate and acrylic acid the amount of low-molec.-
lar impurities was even larwer (up to 1.9 when determined without heating, and
L.8% witn heating, see Tlatle), whici led to a srift of the relaxation rrocess of
cnaip segments to lower temueratures on the surface of the glass fabric. In the
layer on tre surface of tne silica flour the shift to higher tem»eratures only
amounts to 6° ('ig 3, b).

From the above findings it follows that changes of molecular mobility in the
surface layers aresisnificantly influenced by the presence of low-nolecular
impurities in the systers studied, and also by the tendency of the filler to

adsorb them. Low-molecular imnurities exert a nlasticising effect on the volvmer

at the surface and shift tnhe relaxation urocess to lower terrneratures, thus

reducineg the effect of rigidification of the cheins by tne surface, or ever

totelly offsetting it. As silica flour adsorts low-rolecular irrurities rore than
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rlags fatric, in all cases (Fig 3) as their content in th- systems studi.d is
increased, the shift to hieher temperatures is decreased. In the rlass fabric the
freater amount of imyurities in the boundary layer leads not only to a smaller
shift tc hirher temveratures because of the effect of trhe surface, but alsc *»o
shifts to lower tenmcreratures (Fig 3, b). Tne infiuence of ir:urities on the course
of the relaxation processes can also be seen frum data on spin-lattice relaxation
times T, (fip 2).

The splitting of the tan 8 raximur whick we Ad:tected in the relaxaticn =rocess of
chain segwents for filled wolyrers (Fi»> %, b) is also observed in the cornoundi
with methylrethacrylate and rethac:vlic acid {(*ie¢ 3, &), wh-re in the ratio of

the comoonents of the reaction mixture C.Cl rarts of dimetrn:laniline are taken
instead of C.03. This srlitting of the maximumr would seer tc be due to inhomu-
geneity of the structure of the toundary layer near the surface and a +hort dis-
tance away from it, but more detailed investigations are needea to find the true
reasons for it.

As the increase of low-rolecular imwurities is not so noticeable in tre system
witn a smaller amount of diwetrylaniline (see 'lable), it mar be sup-osed that
oligomer molecuies of small molecular weipht are forried whicu are not remcved by
vacuur treatmwent and whichk act as a plasticiser for the nolymer matrix, so that
with this compound we do not otserve upward temverature shifts of the relaxation
process of the segrents at the surface of the solid (Fig 3, a).

The change of molecular mobility in the surface layers to a great extent derends
on the presence of low-rolecular impurities in the systems studied. lhe nature

of the surface of the filler affects the magnitude of the excess over the maximum
amount of low-r lecular imrurities which can be adsorbed t3y the solid surface, i.e.
they becore concentrated at the surface of the solid due to adscrrtion rrimarily at
the interface. Low-nmolecular impurities which sre carable of exerting a ~lastici-
sing effect shift the relaxstion rrocesses to lower temperatures, thereby parti-
ally or totally offsettiny tne effect of tne filler surface.

I11. Relaxation :rocesses in Heat-treated Cor nsounds

ne carried out studies of molecular mobilit: in heat-treated comrounds. The heat
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treatment of specimens for dielectric measurements involved heatinsr steadily fron
20 so 130°C for 5 hnurs with raintenance at this temperature for 1C minutes.
Svecirens for NMR measurements were heat-treated to 200°C in » similar way.

Figs 2, a and 3, a show the temperature dependences of Tl and tan S for compounds
containing methylmethacrylate and methacrylic acid, and indicate that heat treat-
ment shifts the relaxation process to higrer terperatures, the srifts amounting

to 40 - 500. i.ere the values of tan $ are not significantly reduced. This is
associated with the process of cross linking at deeper stages involving -OH grouvs
and possibly unreacted -COOH groups.

The study of filled systems has shown that in a heat-treated, more rigid, compound
the shift of the tan ) maximum in the surface layer is reduced (being l?o), whilst
in a non-heat-treated one the shift is 21°. This suppo.ts our conclusions that

for a more flexible polymer constraint of molecular mobility by the surface is

greater (kef 11) than it is with more rigid macrochains.

Conclusions

1. A.study has been made of the dielectric and spin-lattice r-laxation of cold-
setting acrylate-epoxy-styrene compounds. The existence of three relaxation pro-
cesses has been demonstrated.

2. It has been found that for acrylate-ecoxy-styrene compounds rigidification of
the polymer chains in the surface layer occurs on surfaces of various kinds.

5. Changes of molecular mobility in the surface layers depend to a great extent
on the presence of low-molecular impurities in the surface layer. A low-molecular
impurity capable of exerting a plasticising effect shifts the relaxation processes
to lower temperatures, partially or totally offsetting the effect of the substrate
on molecular mobility.

4. Studies of heat-treated filled systems heve shown that with increasing chain
rigidity the magnitude of the constraint exerted by a solid substrate on molecular
mobility diminishes, i.e. the more rigid the macromolecules, the less they are

rigidified by the surface of the filler.

keceived 27.5.72
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Fig l. lerrerature degendences cf tan ¢ in cor vounds based on:

1 - styrene, -ethylrethnacrylate, rethacrylic scid ant rl-v; 2 - styrene, nutyl
acrylate, acrylic acid an+ :D=€; 3 - styrene, methvlacrylate, acrylic &cid and
L=l 4 - styrene, retnylmetracrylate, methacrylic acid, r.=0 and witn C.Cl pe

by weight of direthylaniline instead of C.03 (as used in comnounds 1 = 3).
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1
a) for compounds containing : 1 - metnylmethacrylate and methacrvlic acid;

Fir 2. Temrverature derendences of

2 = butylacrylate and acrylic acid; 3 - compound containins methylrethacrylate
and methacrylic acid with silica flcur; 4 ~ witn class fabric; 5 - heat-treated

comooundcontaining methylrethacrylate and rethacrylic acid;

) with butvlascrylate and acrylic acid: 1 - pure corpourd; 2 - with silica flour;

3 - with glass fabric.
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Fig 3. Temrerature deoendences cf tan d:

a) for compound containing rethvlmethacrylate and methacrylic acid: 1 = :rure cor-
pound; 2 - witn siliea flour: 3 - with wlass fabric; corm:ounds conteinin~ netr;1l-
rethacrylate and methacrylic nscid (with G.(Q1 rarts oy weight of diretrylanilire):
4 - pure coriound; % - witn silica flour: ¢ - with rlass fabric: heat~treater
compounds containing methylmethacrylate and rethacrylic acid (U.C5 varts by wt. of
dimethylaniline): 7 - oure con:ound after heat treatrent: I - compound with eilice

flour after heat treatment;

b) for corvounds containing vutylacrylate and acrylic acid: 1 - »ure corround;

2 - wit!. silica flour; 3 -~ with glass fabric; compnounds cont-inineg retnviacrylate

and acrylic acid: 4 - vure compound; 9 - witr silice flour; 6 - with plass fabric.
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Guantities of low-rclecular comrounds in acryvlate-enoxy-styrene cumoounds in

bulk and in the surface lsyers

Comoosition of cow:ound

irethacrylic acid, methylrethacrylate,
styrene, ED-o

witn silica flour

with glass fabric
Acrylic acid, butvlacrylate, stvyrene,
ED-6

witr silica tlour

with rlass fabric
ancrylic acid, rethylacrylate, styrene,
+D-6

with silica {flour

with glass fabric
bethacrylic acid, metuvlnethacrvlate,
styrene, 2D-t {0.01 varts by weight
of direthyvlaniline)

with silica flour

with glass fabric

eight of low-mciecular substances,”

vacuum treatment Yacuum treat~ent at ‘
without hLeating 68°C for 9 rours
0.92 0.43
0.26 0.13 '
0.15 0.6 '
C’Oze
0.15
.2
1.5 4.82
0.43 1.06 ;
ve05 1.4 f
O-IA-' :1
0.06 |
Lelb !
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